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This pubilicaiton surnmartzm toe Indetenidant RAmard' and Independent
Explartwry Daveopmen' program at ths Naa ~l Unesa Cmnterfor Flocal Year'1971.
Nina projecft ware salectad for highlighting this yVow. Of special interest Is the con-
tinuation of our interest: in marine biology evida or by an wornination of an eon-
logical system, a description of vaommous and dangerous animas afecIng naval
operations, an exploitation of porpoise physiology for monr design, and the use of
various human anatomical and sensory charoctorlstlca in developing n artificial pinna
and a hesd-coupled valweson control for CURV. More purely engimearing we re-
ports on an NUC hydrodynamic tranwfucer and on the construction of models of
submmsibies of reinforced concratea.

The imagination of fte NUX lndlvlia investigator and his frpee-whaing
aproach to the Navy's problema is' b-coingrnore evidutemach yea. While this
app~roach is cortainly effected in the apaplication of I R/I ED funds, it is. sadly. not
alwaiys true. From existing cornwpts, like many of these prusnted here, will coma
to order-of-magnitude improvemenwt in future Navy operational capabililty. If
converitional active sonar has limitations. perlhaps a next-geeratnion smoar will copy
the sensry aquipment of V-9 porpoise. A sm~all attack submersible of the future
might well be equipped with pinna-like sensrs and a head-cule control mocha-
rum, loevinig fth- pilot free for ot~her dutie jut as ma solider in battle du'I have to
think albout 'ocomnotlon or stoerIng himself. Of more imied ato practicability. and
two, wrdously inportant, is the cotalc~ing of dangerous onid venornow animals so
that fighting men will be able to cepe with thoe. hitherto unknown dangers

NUC continues therefore to provide a broad bas of scientific knowledge
and technology through the applicAtion of IRAED funds. This base must be sub-
stantial so that rt. iltirig application to engineering design and equipment wv.11 be
substantial. The 9L itific arid enigineering health of this Center will continue to
depend upon the win application of these resources.

NOTE, No I AlED projects were terminaed during this itporting period.
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PORPOISE SONAR SIMULATION, AN
APPROACH TO IMPROVED SMALL-
OBJECT- DETECTION SONAR

The Navy's interest in biological sonar, particularly that of various cetacean
speci., is "el documented. The primary impetus for this kind of researh has been
this poessiblity of applying toheldments of the biological system (such as frequency
rainges. levels of energy output signail characteristics. anid critical features of the
processing system) to the improvement of present concepts of wonr design. it ha
been common ly amarod that all caticesin species poss and utilize active sonar
system.s for navigation and food fInding. wiAteess the use of acti" echoranging has
actually ban dleronoiuated for only a few species. The major problems in obtain-.
ing then kinds of quantitative demonstrations have been in positively determining
the source of sounds. the pathway-- for iheir projection, the charateristic, of the
projected sign~al and the compar ative r-haracterisitcs; of the reflected signals, and in
identifying and describing the sias most critical in sound reception and processing.
The problem has been further compounded by the ricture of the signals the animals
uue (10- to 100 sec pulses) and the fact that this type of waveform is essentially
foreign to more conventional c-wiciepts of sonar design. Even ir the few instane
demnonstrating that a species does use suchi P systern, it has been diff iculIt to dleter-
mi ve wtiac, charactristics of the targe echo the animals are using to male the dit-
crlrnlnauon. Tnangiritted sigirals and their rewilting echo waveforms ame often dis-
tcutod by environmrentail effects (mtolttwth probliers). This siuieweon is further
complicated by the complex head sicanning motions that areassociated withl the
scholocrtion ben.;ior of most gpeciaes observed.

In an aritmpt to obtain awv~er to thene beasic questiour. this laboratory has
conducted a seris of progressively more sophisticati.d exper iments on dolphin
echorering during the lasseveral yeers. The first study consisted of conditior ing
two Atlantic botylenose porpoksc C Tuev srruul anld one Pacific whttussdoed
porploise (LUwfa'h xwjhabjjI.rls) to Identify a standard target (a 0.22-cm copper
disc) and then asking thern to rdiitinguish bet~wn that standaird target and another
target of similar size. sheape and reflectivity. This study demnonstrated that both
specie could dirtinqus.i oetween the standard tairget and targets very similar n
acOustica characteristics to the starndarJ. i.e., I I dB in t"gt vtrengil'. :F ig. 1)

A fur*..r sophisticationi of wit targets vwi attailned wt'en a set of precision
cylinders wdesigned mbd fabrica.ted under contract by thv Ai'pliud Pleggrch
Laboratory In Austin., Texas These targs wene 7 ri.-Ior~g cylirnder of a cork
neoprene compounid (Armigtrng Clo)iroprerw, type DC.100)) which var-ed in
target strength a a func~tion of diameter m 1 .0d8 or0 S)de ,.cvw~ntg.a yviti'
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thiem topgete another seile of tet was conducu with a r. monuwlo and with an
Amazon River dolpin liWpuffravui). Each of the animnals wa blindfolded and
asked'oicdstiryaihhbetweent the nderd Wst enid a seo tmrpet Tfludiffer-
sanwbetwwe the t wotig wae gradualy reauiced to dstermine the subtlety of
diffloerne whuoji the animals were capable of det - trng. The ruamps exhibited
fte ability to differentiate Corliustntly betwee the standiard target (-19 dB) and
taopt varying only 0.5 dB, i.e., -1&.5dA and -19.5 dB (Fig. 2). while the /e

wscapable of distinguishing reliably btxween the standard and taoet of -17 and

Morenicendy, a further sophistication in mathod of study has been used to
minimin the distorting effe"t attributable to modiurm and animal movermunts.
Sly measns of arttched ansoui. rewiouirge wer mae& of signalsh fro threm specees
of Odonetoate (r. vm Lp.M re ad the killer *hale Oniwta) condi-
tosu to perform IN serne discrimination tas deecribedi abov (F*g 4). While
perforning the discrin iriations, each of the anhimals wore a sophisticated seoe of
trsudishon' hydrophone wnays on the am of tohead~ and "osrum previously
idlentified a beiglq imtvohd In sound productioo and. teioon (Fig. 5). A T thepad
array of fewuvr uonu.ers IBM 101 hydrophorn elivwwts) wre placed by suction cup
on the anterior and of the rostrum and used ton rajre theaniar psriktibution~of
wrouksalc ngels protected from the anwmla' surfacw of the heed. A trns~ducer.

7
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placed jus behind this array on the rostrum, provided a reference point for all re-
cording. and additional BM101 hydrephone elements, one placed on each of the
eye cups, served to detect the echo at the animal during a target run. Typical wave-
forms measured at the various locations by means of thes instruments are shown
in Fig. 6.

At this time an additional project is attempting to meamire the maximum die
tance at which T. rmnoms can distinguish between the calibrated chioroprens targets
The technique effectively involvm placing the two targets on either side of a screen
which extends from the wall behind the targets towards the animal's approach path
and forces her to select. at a given distance, one of the two targets. The distance at
which she will be required to make the decision will be continually increued until
the animal is no longer able to make a correct decision at more thmn a chance level.
'uture ,eearch will concentratt on defining those characteristics of the echo which
provide the most important cums in target clusification.

The ltt conducted during the FY 71 phase of this program reJitted in:

"* Lc-0 ,.on of the porpois sonar sound source, just anterior to the
blowhole at a depth of 2 cm

"* Definitive description of the emitted field (both near and fer)

"* Accu rate electroecoustic sinulation of the porpoise sonar waveforms

* Establishing that Odontocew cetaceans produce a "generic" type
of wae. form which generally differs from species to species only
in source level and peak frequency

A related relationshio, which warrants more extensive invurtigation, has dgun
to emer". The peek sound energy of the three species instrumented and examiined
varies inversely with body site (Fig. 7).

The succes of the IR-funded FY 71 program in porpoise laer simulation is
evidenced in the recent sixA'orship obtairnd from Ships Systers• Command to con-
tinue certain pham of this resarch.

!1
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ANIMAL ATTRACTION TO SUNKEN
SUBMARINES

Dw'wmg 1969 and 1970 two Pubnwrines were sunk o"t San Clemnent. Island as
pert of weapon eweltotlons. A former flee sub, fth axUS 8avidh went down ini
Noventer 196 at a depth of 1800 ft off the vast cmatf the Island, while the ox-
LOSS Allaey went down in June 1970 in 150 ft of water off the eam coast of the jslaoid.
These rants provided unique opportunities to study the effects on the bottom ecolgy
of the intrusion of a substantial hulk. A knowfedge of the clkang in eclogy may be
of value in performing re~aice or savaep operations an suinlen submaurines, evaluting
the impact of ordnance dump in the deep sea. or simply locating sunken ships.
Further, with thefthat DeeSubomerec Rescue V ed.(DSRV) approaching op-
enationel stiatias nu~aue aninulsattaching to or sitingon the areaosof ecape trunks
are also of imriwdiae concern. The objective of this Ixrogram, then, was to survy
the ocean bottomb~efore and after the sink.Ing of the submartine and deterine any
changes in ewogicalooraimetar and patterns hin the immediate vicinity.

The approach was to utilize CIJRV, the Naews CabWeControlled Undervaew
Rsarch Vehicle, to survey fth two arme. ins tulevision cormerasvoore monitore on
the surface, anid its 35nim color comera on due botton provided a phosogaphic
rowe= for doet analysis. Three prelimi nary survys wre conducled in the are of
the ex4agvfM to provid baseline doew on the anhimals pr nt befiore sinking but un-
fortunatey circunietancs prnieam preimmary analysis of the ox-lbey site. How-
ever the ex-MWrev as obeemwvd and photogrephscd a month after sinking. The first
survy after the sinking vm mad in July 1970 aid the Pewnd in September of the
smie year. The next sunve came in April 1971. Tha f hit post-sinking survey of the
ex~orrh come in December 196W. Survey were Latw conducted hin January and
June 1970 and J une 19711. Approximately 1500 phow-9mphs vwer ta"e. of the
ex-I~way site after Its sinking. At the ex-BwvMM sit., 1500 were token before the
sik ing and 30100 after.

It wn wetedw that mawine 11f% would be etvcted to both "urrarines% but
since ttw depith ir~votwd were consideably grara then peinou vwrk with artificial
reefs, it wsnrot atallw cetIn *tat would happen In dettil Itis well known thttin
the irur ne onvironenist, natural reef habitot supprt a rrust -mpreamwe dimwr.ty and



abundance of plant and an imal life. Natural resefs Include coral reefs, kelp beds, and
certain configurations of rock outcrops. Thriving commrunities existin them areas
because the reefs provide protection, food, and an attachmrent site.

During the lost 10 yours, a new type of reef has beciome increasingly important-
the artificial ree. Differ 'Tt organizations throughout the world have been establish-
ing such reefs off their c. t-s, using everything from automobile wrecks to old
stieetcars to truck tires to toilet bo*Ls The results hove been quite dramatic. In
somne cons, schoo~s at fish have moved into the area within 1/2 hour of reef place
ment. anid in others the fish population has Increased around the new reef by 300 per-
cent Within a period of a few years. It is not onty f ish that aire attacted, howev~er.

Ow 9 nwimhL &*wkw~ In bpcqoud. PoamneWr
m#m bunw" I~eWe-Lup p.~..u, r Ckl

Mbawn spO. Parch tEntium opI.

As a matteir of fact, the fih are necessarily supported by the irwtneb-ates and plant
life that have also become in inzeWl parn of the reef community. The fish might
Initially oine Into the easm for the protection, in the form of hiding placies, afforded
by the reef, but they w~ould not rwmain there if the food supply wer iriadaquete.

As with ffxms natural ruesh. which ant s"alower than 100 ft. nMis of the work
done with artificial -"efs has been in 1093 ft of wtAW or ;ess. Them djepth limiutations
are imposed by the attached algaes, whic'h thrivii in shallow wow. "n "9 eMW in
working with SCUM in seliow water fro field anelysis of reef affectivenses. Having
onew-atificial natif in the form of a suburanne at 150 ft "n anottu at I SOD fl wi 1
provide v'aluabh inf~wwutiori for ascrtining the signiflicace of artifiidal reefs at dif

11



5ermnt depths and the procissas that are involved In establishing newv communities at
those deptihs.

J. n the case of the ex- I6Wat 150 ft, many fish had apparently takeni up at least
sarmipermanent residence lIss thi~n 1 month after the submarine vas sunk. As men-
tioned, no &urveys were conducted before the sinking, but the greater number of fish
around the submarine, as opposed to nearby aeras at the samne depth, Is quite appar-
ent, As the CURV moved along the bottom and approached the ex-fibray, i' started
to photograph from distances of about 100 ft. anid few fish were observed. But, as
soon as the sub was visible at a distance of approximately 15 ft, fish could be seeni in
thelhunldreds. Since the fish are the most mobile animals in the area, one would ex-
peca them to be thie first inhabitants of the new reef. Surveys 3 mronths and 9 months
after sinking revealed even more fish, with the last survey showing fish in almost every
photo.

The ex-Molipy sits on a sandy bottom. There are a few rock outcrops, and a
hydroid-bryozoan community carpetr fth bottom in surrounding aroe. Numerous
mumelis wvere also observed in certain patches on the bottomi but it is believed that
this pooubation is extraneous. since Myta sp~. is usually found at a much shallower
depth. It is believed that clumps of thene mussells were knocked off from higher
zones arid camenoaading down or thast perhaps they were knocked off the hull of
the submarine during sinking. Many empty mussel she~lls were observed. These ani-
mals *wer killed by the explosion before the sinking or fell victimn to predation by
starf ish. Thire vwas photograph ic evidence that starf ish, both tdit w#04to and
F~woovpta~nthoidex, were actively feeding on thene mussels. One pictute shows
a starfish feeding on mussels still attached to the bottom of the subm~arine.

Bemu~se of the foulinp orgarnisms that were attached to the sumianrnine before
sinking, It is difficult to tell whiich anirrials. if any, have started to colonize the hulk
itaeer. Thent is little evidence that animals attached to the sub while on the bottom
and nothing very indicative of attraction orn the part of the more ..obile invectabrates
expected to aggregate on and around the suibmarine. Most in evicmnce wee the star-
fish feeding on the inweel. hut these were not attracted by the sub itseolf. However.
most of the initial colonizers of the reef are relatively small in sizie and would be very
difficult to se ina photograph. The fishincist common in thie airea o~f the submarine
andl apparently using it for sheter are the blacksmith (Ce mcpii),iephead
(Fimt 7wowen Pulaun,). rocirfish Larxm P.), andl perch (Emb~toosp). Since this
pem-ticutar artificial reef has been in operation for les than 1 ywa, itlere may not havc
been enough timeo for the initial colonizer to establish tOems Ives, If they do. one
could predict the inflUX 3f the brWa -nobile invertebrates and the establish-ment of 4
thriving comerunity wit"i its ovwn food web

In the cam of the ex-forrftsk three surveys vwer coniducted before the submae
rinqwa sunk, and over 1500 photo~s were awlemlbi for anelysij of the bottom irL the
aree wtwtethe sub wasscheduled togo dowin. Thwers Insd a bottom ofoolt saond
and miud with a gentle slope arid vWy few. isolated roCk outcwcis. The apt-enthic

meo'ofaunall communi ty vas dotiunoted by ethinc. rtmns In order of decreasing
abundance were, found hwat urchins, probebly 8nrwarr sp and O&rmopt W. regular

12



urchins (Allomawrous fraili): unidentified see anemones; sea cucumbers, brittle stars,
glass sponiges, fish. and c-abs. It must be remembered that although the echinoderms
made up over 90 percent of the animals living on the bottom, they actually iconsti-
tute only 4 or 5 percent of the total biomnass. The reason for this is the enormoius
numbers of animals, like polychae'ce worms, living in the sediment Itself and riot
visible to the camera. This analysis by necessity only includes those animals normally
found on the bottom surface.

Although the burrowing heart urchins were the most abundant animal In the
preliminary surveys, the particular site where the submarine actually touched bottom
at 1500 ft Yms dominated by the pir.k se urchin (Aftacantrotusbfrgis). Further, this
site was much more sparsely populated than those omei-Asly surveyed. Therefore,

Fig. 4. Bottom at I1500 It befon' sink~ing of ex-tun'f1,, thawing
most abundant animals -burvvwing heart urchins. pink sea
urchin fAIlocimurrust frap/b), arid sea cucumber.
Fig. 5. Crab fAPsA.'ajns sp.) sitting on detachei plaiec of ex-
&R~fe at5I00 ft.
Fig. 6. Crab (ftarambrni sp.1 and aggregation of sea cucumberg
woith submarine in baciW'ourd.

it should be easier to determine any inf lux of marine life. Because of the depth i n-
vcolved, one would not ixpect the same type of resf to be established as around the
ex-Moray. In the first place, there are not as many fish on the bottom at 1500 ft
around San Clemente as thei e are at 150 ft, and the,1' & not -xhibit the same school-
ing behvior. Seconly, thirre are no plants at 1500 ft, so one would not expect to
find algae attaching to the hull of the submarine. For that matter, there are few
fo-iling organisms attaching at that depth. Thus a colonizing community of attached
plants and animals would not occur here.

To date, 20 moknths after the ex-Bwi fsh was put down in 1500 ft of water, the
two animals app..ently attracted to the wbirlwna"a are Lithodid crabs (Peralo~s sp.)

13
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and Aspidochirota -e cucurfters During the preliminary surveys. only one or two
of these orabs were see, but over six have been photographed in the immediate
vicinity of the submarline, in most camr standing on or next to debris from the sub.
The sea cocumburs were quite numerous in preliminary survys but not aggregated
in the some gregarious way In which they are now found within 1 5ft of the 0*-awr-
fish. The sme is true for the few fish that were observed. They could be found In
some cows sitting together in gruos of two or thre, on and around parts of the sub-
marnne. What seers somewhat surprising is that very few animals were on the sub-
mnarine itv'lf. In previous impetience with the &k sea urchin (Al/a cerirrotusfrWii)
at the proposed SEA LAB Il I ste at 500 ft, it aqgregated on bottom eqjuipment.
Thus it wins expected to crawl all over the sub In great numbers. This apparent
anomaly may be explained by the large size of the submarine, which would place fth
urchins some distance above the natural sandy bottom. On the other hand, It may
just be too soon to tell.

In summary, inflLuc of marine life in the area of the ex-Maarvat 150 ft has been
much more rapid and dramatic than in the area of thes ex-6arrfish, at 1 500 ft. This is
due In part to the mobility of the fishes in the are and the number of schooling
fishes. From the photographs, it does not appear that any of the larger mobile inver-
tebrates have come Into the arm, except the starfish that have moved in to feel on
tNe mussels. At the ex-8urr*s site, howwver, movemeants of fish hawe not been very
pronoiwnced, although there are fish close together around the subimarine thai. in
o: er areas. Most dramatic in the area of the ex-&,rrfisi are the crabs seeking protec-
tion around the submarine and the comparatively large aggrfptions of sea cucumbers.

These studies are just teginning. Baseline data are being gathered. It will proba
bl'y take years for all the ecological patterns to be completed and the available niches
around the submarines to be filled, It does appear that colonization of the ex-Moay
at 150 ft will occur much more rapidly than colonization of the ex-&XrNt6at 1500 ft.
Ecological prorisses are generally more depressed at greater depths, and it will take
longer for all the patterns to emerge and establIs the roee community food chain.
Once the information is in, however, we can better ewluate the ecolLgical imract of
deep dumping sites used for things like oLsolete ordnance and weapons. I will alsic
aid in the selection of potential dump sites, should they be required, or sugJat other
techniques for disposal. Study of the colonization of the hulks will yield vaiuaeale
data concerning rescue and mivev operations, such as potential inter ffterne from
attched animals or semipermanent residents. Ft;:-her, we will gain more insight re
gading nuisance marine animals that migh! congregtP in future undersea habitats.

14
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VENOMOUS AND DANGEROUS ANIMALS
AFFECTINIG NAVAL OPERATIONS

INTRODUCTION
This Independent Risitearch program *as funded as a dis eam research project

for the first timeoan 16 August 1970. Funding wasterminale 3O.1una1971. During
the I 0%-nmnth tenure of the pooject. re&ea~rh lnti siuvera' importmt saepect of tite
basic problemn-viriunters with pot~entially harnM~u or lethal animfals by Novel ver-
sonnell (including UDT. SEAL, and Marine Corps troops)-was; undertaken vitth sea-
oral goals In inind.

The %-A.t short-term goal was production of a Handbook of Dangerous Animals.
basod on a solid rmsarch format (described below), and designed for use by the per
sonnell most ooncerned-fth troops in the field. DtWng extensive Interviews with
Dotential users, it beoome apperent that such a source of information concerning po-
tentially dangerous anim~als frequently or occesionally encountere was not available
to thiem personnel, that such a source of information woild be enthusiastically wel-
comed, and that about 80 percent of those witmil one or more tours overses had ex-
perienced one to smierl encounters with potentially dangerous animals, a few under
rather harrowing circumstances.

It was learned that such a source of hiulormation would he" a distillctly bene,-
ficial psychologkical effect on the a-ttItudes of the men toward the potentially den-
grerous anignals they are likely to encounter.

A related, loniger ter m goal involved production of subsequent editions of the
HaLndhool, to include additional animals and geographical areas found to he of lnipm -
tance, and a broadening of orientation to include Army and Air Force interests as
well. To the best of our knowledge, ne~ther organization Is conducting a similar
program. Thur we hoped eventually to prodlue-, an all-service handbook of relevatice
and value to operational personnel of all branches in the fiemd. No such product exists
today, although at least two g3od handbooks anid one recent comprehensive treatise
on dangerous marine animals hwew suixtuntial value to perilons with accs to them
and a iouitable educational background. The goal wes to produce a scientifically oc-
curiate, well -illustnived, plain~-3hnguage manual that would cover important biological,
behaviot al, and medicel agiects of the oommonet dangerous animels encountered,
primarily in S. E. Asia.

A f inal, concurrent aspect af the Dangerous Animals Program, no less Important
then fth others, irvwolwd establishmeni of laboratory and research studies aimed at
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strength-ilng weak, but important, area in our Itnowledge of potentially dangerous
dflimals that come to light as the various sections of the Han.Jbook were compiled.
Further, this research vils Intended to investigate relevant medical aspects, such as
potentially useul detoxifying agents for snake venorns.

Three such studies have already produced suibstantial preliminary results. One,
e study on bietwvior of .4ee snakeswher, seized or otherwise restrained, was recently
published,* wlc.,e ancillary obsse vations of sea snake responses to nearby SCUBA
dili rs in the water have been presented In detail in another study on releviant aspects
of sea snake biolcoqy.t The third stuy, on snake venoms, is aimed at defining thin
mejrr toxic facrars :~ommoin to the venoms of the most freq.uently encountered
snakes, and producii.~j an antitoyin that will be efficacious against all of thes species.

The goal of the thirri study in to produce an antidote foi snake bite envenoma-
tion that cmr. be belt-cerried b~y field personnel and riquires; no refrigeration. This is
a difficult a-d wrnbdeorably longer tcrn goal, requiring facilities not at present
available at NUIC. Toward t:- end of 1w 1O4%-month funding period, preliminary
studies an sea snake v-mom, the mutst potent of all snake venoms, were nearing com-
pletion arid resulted in three manuscr *pts now in final stages of preparation.

ollowing is a detri led dmic iption of the two main aspe-t, at this piogramn
THE HANDJBOOK

In igeg, prior +1u poviaration of the I R program sumrnra V proposal, interviews
wer, conduLied and briefing~ ,. w._ held for the three UUT teams and certain officers
at Special Warfrre Group, Pacific. Subseouer~tly, there have been meetings with
Marine Corps officers and wi* at sonnel of the Army Medical Corps and the Nsan'
Bureau of Merlicine. Stibstantial enthusiasm was the characteristic response fromr
every quarter, and the prL.;-am has benefitted: from suggestions and descriptions suf.
plied by the men themselves of actual! encounters with potentially dangerous animals

As predicted. the true seriousnew . the problem of encounters with poten-
tially lethal animals is not that heitvy casualties are sustained, but th. , psychological

.G.. VPtcO.litu. *k mo tng and co Uit~ befanor in the. pelagic itt, owhe.. FWANRWe riturus I UL. " Cao,...
Vol .2. IC71, pi Uj

6.V Fcliviull. "Towtofd a biolog of mi~k. Fewh. rhe 1J@jifsi4 15W~paiill. No.A 41971 (in pWOW.
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effects produce responses on the part of field personnel often or occasionally detri-
mental to their missiom. It was felt by most who were intervk•ed that these fears
would be pertially offset by information obtained from the proposed Handbook, and
ultimately relieved to & great extent If and whun an antitoxin could be deveklped to
be carried and used by the troops in the field. Field personnel have been bitten and
killed by verncmous snakes, however, mald there are what a•peer to be reliable reports
of missions that were aborted because large crocodiles were known to be presint.

The first edition of the Handbook will cOntain sections on individual groups of
animals, inch section written by one or more authoritiu on the biology of that par-
ticular group. The secticns will contain descriptions of individual species, geographical
distribution, habitat descriptions, and wherever possible, photographs in color of the
animal in queion. Additional information will include comments on the relative
potency of the venomn (in the case of snakes), and accounts of what suitable medicsi
treatment is ateilabse, what methods am best to follow to counter possible attack by
the animal in questioti and whet to do if bitten or seized (as in the case of crocodiles).

Should funding ontonue, it is planned to update existing sections and add new
ones as the need arises and new infwrnation bIwomes available. Updatirg of indi-
vidual sections and entries within sections will be facilitated by producing the Hand-
book in loom-leaf form.

A medical section is planned that will provide relevant infornmation, not available
elsewhere, of importance to field medical personnel. Examples from the first edition
are laboratory studies of the effectiveness of various commercially available anti-
venins in the treatment of snake bite from several venomous spedes common in S. E.
Asia. These works are supplied by the U. S. Army in a very welcome first effort at
collaboration on this project.

It is planned to have the moanuscript for the first edition of the Handbook com-
pleted about October 1971. An outline of the first edition of the Handbook follows:

NUC HANDBOOK OF DANGEROUS ANIMALS FOR FIELD PER.SONNWEL
(Pr"dukad in Coltaborateon with Units of the US. Army hUcdical Cwii)

Contents

A. I"tradection. by G, V. Pkkwel & W. L Evae dittot
Awn of the •andbook. A WoW about Format. Uw of Ac Handbook.
Additiom.i Informmaion: Whemr kAailbtt. Wthi toCoiWbe.
supplyinst U01Ie Itrom~tmatlo th ?e E41toln faclude a own-out qeustloeare).

Ut. ,akksm ot Viet Nam and S. E. Al. by C. V.P xkwdi
Wbct Found. Abundance. A4*reul*sce. PrdMe Udrartor.
Idcntlfkauoa. How to TeU a Sea Seks from - Eel.

rotty of Venorn. MIod:Ia Trzcatus,.

( Venmaou Land Snakes of S. V. Asia. by HI. W. Capbdel
Whbm IFoued. Aws•t•ei . Wbat to D ifr litkn.

Srwk~i Accounts (includs photo. dktsibutim~ maps. im portant tr~nent ki.snrnto.w
a Vipenr b. Corn tat Their Relattvf.

17



I

Fl.1. Cirld o~dtIstiti of f..At. an woke (fam Hyr., ~ ) Are bywno. wo

D tcdicto. L .M A(PVm .bi W .ik~~p. IP rw,.unvm ani 11 Is VCkarMN.C

hm iofti. Geml Ilbour. AU*3ka)tw &ad~ ~4 btbad h.was Mw.awaVu~b.

tray major m miake types ame showvn in F 9 s. 2 and 3.

is



p

Ilndivkkial species write-ups will be In t'lie format shown below, and illustrations
will despict comnmon color and pattern variants of the snake: distribution maps will
indicate occurrenice of the given apecles within S.E. Asia.

E xwmph of a specie desci Iption.

COMiMONI COUAI* S (maaj

A hilli (uap to 6 Net) browj or black make vdth no t~icaltis. or with ~attere While specky Thet it s ustaly a
dcsig on the neck whbich i3 Vnapteal as "hood" when dic snskm is alarmed.

Color of back and belly is alive drab. brown, or black. Chin u sualy white. fclloved by a dark bar. with awhile
bw on the UthoaL

Thei durnmitad: ban on the Viliont angoo - idemillfcatf sarka. Same of die fat imakes may icatibe fth
cohlba but they do not havc the &sWaion the hond, or the threat ban'.

Commos. wittally anywheire eacept I - rain foranU. This ma I hat earned die nickname -*Itt~if cobra-
for Its habit of will vettm. Which it doeii qealat acuraluty for uap to4 or 3 ft. CThee 3w -vna sram or
c ' ami not as wri to wime dilsIsiEis.) Venom In the victim's eyes eamn be painful mad could owna Nai
if no thitied net quickly. The colies's lrep ife. allivridmee. mid qusick temper mnake it ame of the ,WS1
denseous sakes in the a~ca.

Aasooinbsm i h asue ftrtmQuatiie hebh lind~mu. kagho HaiMhle Isdhte ambay. ad Comnmoemeeli
Swum Lab.. hrlikak. Victoria. Auxstralia.

.Ular redomig sedolr'-Malay

"Ul.1ar bodulI-lilay
"Niluhau'-Tha

LABORATORY AND FIELD RESEARCH

in addition to the behavioral studies mectioned above, further f ikid observatiors
on Miesnakes were carried out during FY 71 (March) on boardi NUCs RIV esom during
the cruise PELACAN I to the Pacific coast of south-caritrai M*AicO. it wa foiund that
the high turbidity of the wote from upowlling and increased prockictivity at this time
of year rendeed fth se wakes invisible to SCUBA divers beycid a dimtince of about
10 ft. Further beha~mvral tets; at that time wer canicelled due to increaed risks
arising from the adverie visibility, which also prvented effective underwate ptio
tography.

It as learred, however, tha, the. se makes in this airiea, a species colled the
yellow-bellied so wake (Poibtraw ptwwa), tended to wash up on the beaches, where
thiey were quite helpless ithough still alve wri vigorous. Wet wer unable to discover
the behavioral nwdtaonism contributing o this stranding behavior. but believe that

thorialtes, even though helpless on len, constitute.a very reel danger to any~one whto
might aocdeantally stop on one whila walk~ing a"wi the beech (F iws 4a. b).

During PELACAN I we sucandedd. for the first time anyvrwitwe, in fractioinatin2
whole. freshly obtainied tes snake venom by gel filtration on a column ctvvmaogratWWl t

deaigneod for use aboard Ohio- The venom fractions obtained aboard1 ship proved
chatvamcsiiy identical to fractions frcm whole venomn obtatired in the iaboratory 3t NUC.

10reliminrm tuidies;on the toxicity and pharmsiciaogy of the crudle whole venom
and the venom fractions conducted in collaboration vnth the U. S. Army at Walter
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Fq., IL MUlIq thO it f I V-ti •-blhWd ma InaMI.

Vxrm yields indicAted that a heathy adult yellow-bellird i rnae onesum v•om
equivalent to cmne.half to greater than one lethal dose for an avrage human adult male.
Thet venom yieds, milking procedure, and preliminerv results of toxicity and pharna,-
cology studies ill be desaci•ed in forthcoming jourwral articles
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REINFORCED CONCRETE SUBMERSIBLES

Surface ships of the Navy, regardless of their top speed or their maneuverability,
are easy targets for present-day modern missiles. These ships are highly vulnerable to
detection and destruction in an all-out attack. It would appear that the only recourse
would be for the major part of our Navy to go underwater. In the undera environ-
ment. detection Is very difficult. Sonar detection is only marginally successful in the
vast reaches of the ocean.

There is a need, thus, to determine what portion of naval operations could be
accomplished underwater and at what expense. Entailed in these considerations is a

departure from traditional surface ship conc"s, both in shapes awd fabrication

techniques.

NUC has made several studies of a variety of huli configurations and uses for

limited-depth submersibles. Theue studies have mainly concentrated on the use of
reinforced concrete for the basic hull material. Concrete can be formed by repetitive
oting techniques, wherein reuse of the form or mold reduces construction costs.

The NUC studies indicate that very large concrete hulls can be constructed for
limited-depth use. With moderate working stresses for the concrete, the hulls can be
constructed t.- withstand pressure and ýuckllng forces. This can generally be acoom-
pllshed without the use of ring stiffeners.

A variety of missions have been considered for reinforced concrete submersibles,

Some of these are:

* UNDERWATER HELICOPTER CARRIER: A scale model of an Underwater

Helicopter Carrier is shown in Fig. 1. In this instance the aircraft carrier has two large
elevated hatch openings for uno In the handling of he!icopters in and out of the submia-
rine. Each of the two openings will have an elevator and an adjacent flight deck. The

elevated hatch opening serves 3s a reduced water plane area to reduce the wave re-
sponse of the submarine during launch and recovery of the helicopters.

* UNDERWATER AIRCRAFT CARRIER: Figure 2 shows a submarine similar
to that in Fig. 1, except that the elevated deck Is continuous from the forward to the
aft hatch opening. This configuration could possibly be used for the launching of con-
'.vntional or VTOL aircraft. The flight deck indicated in the drawing is supported by
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SSeries of strIalined vmirsl struts. This configuration maintains a minimum 'er-
plane area effect to reduce wav respone of the landing platform. The height 01 e
flight deck atbove the submarine pressm hull can be designed for use in noderate to
reasonably heavy seas.

* MOBILE UNDERWATER DRY DOCK: Figure 3 shows a large, undersea
reinforced concrete dry dock. The dry dock consists of a main center dry dock htil
and two adjacent water ballast transfer hulls. The forward end of the center hull has
a large watertight door. This door is constructed with a built-in buoyant chambe to
neutralize the waight effecs and simplify the opening and closing of the door. The

antire structmrcou Id be t• pw- ed or te to location. it ouki rest on the bot-
tom or could be an, 'ored berinth the surface in a taut moor.

0 UNDERWA ER CARGO VE$EL Thm e•onsruction 36P6 Din have sho
beon tliized in the prelimmfnwy design of a large reinf-rced ccna,"e caro oessl.
Il hatch openings we large ron h to ha• ad •,Jritaeri-zed cargo A vnevi of his
type cold be either *elf-=*&,ad or •v•qld. Ttwtvo hathn of thts Yvel could
he co,"truct:d to have am tie.ted trunk simar to the on* shown In Fig 1. The
cargo submjrirte would t,-r' be Won r" ~inw t-: the waves w•e• bel4ased lo in ttw
wer aid may then be or-m~tibk for us with * large t• bi ocean piatform.
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*DECOY: Reinforcnd conase submersibles hue" also been considered for Lme
as decwy*. The covert nature of ballistic missile sumarine flee opeartions could be
enhanced by a fleet of dewoy submarines made to look an sound like ballistic mis-
sile submarines. Since there need be no missiles, auxi'iary equiipment. or torpedoes.
and because a much smaller crew would be required, the greater weight of.a conacrte
hull would niot be a disadvantage, The Internal equipment would be kept to a mini-
mum in these decoy submarines, and the graW portion of the overall cost would be
hull cost. With repetitive costing techniques, a large number of concrete submarine
hulis could be built for about onefourth the cost of steel hulls.

or etngw~h helarM mwode fiabl platfor array ar ls niO.2~. Under 'tsrhofcrrv

towin dwctertt c. Iaudat As ansomedtu h beibl ol e ftodorAsl

ropelld "ein are planted requrted Koemde itre nfi.1 hee.e
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ADAPTATION OF HEAD-COUPLED TV
TO CURV

Heatd-coupled television is one of several names given to remotely controlled
television systemse in which the attitude of the comera is controlled by the attitude
of the operator's head. In then systuems the field-of -view as seen by the television
comera is always presented dir ly before the operator's eye%, rcgmrd less of any head
motions. Typically, this is done by mounting the television monitor or cathode ray
tube on a helm-et worn by the operator. Electromechanical feedback devices are
generaily used to syrichronize the motions of the Lameora with those of the operator's
hel met. As a result, the operator's hands ame freed for tasks other than panning and
tilting the cmtera: but more hklportantly he is pruesinted with %itsual and sptial crn-
entation information that gives him the sense of actual Dresenre at the camera loca-
tion. As the operator moves his head from left to right wkc; up and down, he gains
an instinctive aweirenes of the location of oblict in the vicinity of the camera.

This device hes important applicotions In undeiviater operations. Inithe cmats
the Nvvy's Cable-Controlled Underwater Research Vehicle (CURFl), the canrrir and
a mechanical "arm' or manipulator for recovring objoct, srm loceted blowv the sur-
face and monitored above. Thus. if on object to be recovered lies tvelow and to the
left of the camera and the manipulator is above and to the night. the operator can
determine this fac with a single sweeip of his heow arid immediately begjin to mno%-e
the manipulator in the proper direcition. In contrast, with a conventional fixed
monitor and ;vnd-controllvd pan and tilt, by ithe time the operator located the
obrect then relocated the manipulator, he would have Iont the sene of direction
of thewobject.

Adapting Oti~s con~cept to the CUJRV Ill was .ccomplishad with a minimum of
modlification to the existing vehicle, but re-sulted in the development of a Simple
firstorder unilatiarai electrohydraulic position feedback system. For this system a
hellmewt-mourned television display was purchased from the Noval Weapons Center at
China Lake. California. A mod if ied version of the NWC heilmeti linkA~je. a tires-
dirmensional pulrallo~rn. waesfabrircated to allow freedom. of head translietion. Twu
potaneiometes are mounted between the linkage and the helmret to sense head yaw
and pitch. This informawtion is transmitted to the vehkcl, where it is compsired with
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similar information from oil-filled pressure-compensated potentiometers on the
camera pan and tilt. Whenever the position error between helmet and camera ex-
ceeds a snall limit (about 2 degrees) a relay is actuated, which in turn activates the
CURV hydraulic system in such a way as to eliminate the error.

The system was checked out in the laboratory and then mounted on the
CU RV I II vehicle in August of 1970. A malfunction in the system was apparent but
was not located before the vehicle was lost off the coast of Washington. The mal-
function was laier found to be due to an error in the installation drawings and was
easily corrected. The system was again delivered to the CURV IIl operating crew in
June of 1971, after a new vehicle had been completed and checked out. Rin-d sched-

Fig. I. Hlad.mountud diplay and head-motion eneorl. Fig. 2. CURV III. Circa enm'
had-coupled tvlleviion pW and tilt gimbal.

uling has delayed installation of the iystem. The HCTV should be installed and
operating by early fall, 1971.
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ARTIFICIAL PINNA (OUTER EAR) FOR
APPLICANTIONS IN UNDERSEA RESEARCH
AND EXPLORATION

For a man to operate effectively in a marinwe environment it is essential that he
retain the use of as many of his senses as possible. A number of research vtchicles
now under- study piwa a man in the ocean in a transpa~rent sphere. This rstairm effec-
tive use of his vision but completely decouples him from the ambient sound environ-
menit. The basic objective of the artificial pinna program is to recover this acoustic
contact and provide effecrtive binaural localization in the smg. Such localization would
be of value !n associating noise made by marine life with specific obswvea specimens-
This would aid5 studies by marine biologists and &I;* elp charactewize batkground
noise data for soner design.

A wide variety o~4 sounds exist i n the sea. Many of these extend well beyond the
frequency range of human hearing. Fortunately it is possible to select frequency
ranges of interest and translate them electronically into the audible range..

A large body of literature on human hearing exists an much work has been
done to identify the mechanisms of binaural localization. A key result of this prior
work is that the pinna., or outcr ears, play almost as important. a role in localization
as the basic interauial separation. Some previous attempts at Naval Weapons Center,
China Lake, to provide under-water loiati'-nion have actually used hydrophones
mounted in a pair of big ears scaled in size and spacing by a favtor of five, which
marks the difference in prop~j~tion velocity between water awl air. Such an approach
Is direct and Intuitively appealing. Results, however, were indecisive. This is due
partly to the difficufty of finding materials whome acvstvc mismatch to water i3
equvvslent to the misinmatch wh ch skin aind cartilage present t;3oir. A failure of di-
rect scaling is also likely.

Initial artificial 1pnna work at NUC vas based on a different approach. R~ather
than depending on reflections ini a pair of large ears. hydrophones would sample the
sound field over two regions corresponding to the ear locations. The necessary diflays,
phase shifts. and amplitude weighting would then be' introduced electronically in corn-
bin-mg the hydrophone signals into a pair of output signals as shovn in Fig. 1. This
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approach looked promising since a sufficiently large number of spatial samples will
completely chaacterize the local behavior of a sound field. A family of transvrsa
fi hters which had been developed for sonar applications appeared to offer sufficient
flexibility to simulate the necssry delays and ref lections.

The initial study divided into two main areas. Computer simulations with an
adaplive program were used to determine the ability of various sensor arrays to simu-
late specified spatial respons,,s. Simultaneously an extensive set of measurements was
made to characterize the time impulse response of the human pinrm as a function of
direction. Several problems became apparent. The simulation indicated that a vastly
excessive number of degrees of freedom, and hence hydrophones, would be required

2
* . corw~ivensl Sonar pirnsta msonar portion
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The difficulty arising from the coupling of the spatial and temporal variables
led to a reexamination of the problem to determine whether these variables were
separable. Since the transversal f liter can readily simulate the response of the pinna
in any ILnaLe direction, the direction discrimination must be performed at a prior
point in the processing chain. The prior portion of the processing chain then becomes
an array and multiple-beam bamformer of exacdy the type now used in sonar. The
array is required only to pones good directional properties, and no requirernents for
simulation of ear shape and spacing remanl. Hence it should be possib!. to use a
pinna transform adapter box to provide binaural localization with many existing sys-
tems. This approach is shown in Fig. 2. The multiple-channel proceming, however,
would require an excessive number of existing transversal filters. Within the next
2 to 3 years, multiple-channel ttansversal filters which will handle this task shou!d
be available. At least two promising candidates are now under development under
other projects at NUC and the Naval Electronics Laboratory Center.

Present work is divided into three main areas. A large quantity of data is being
reduced to derive pinna impulse responses over a hemisphere. A pair of interim ex-
perimental pods is now being constructed for experiments on the RV.ae &~e. A pair
of special headphones is in final development for the system output The impulse
response data will determine the structure of individual channels of transversal filters
for the final system. They will also provide a basis for futu6 -•omputer simulation.

The interim pods for the RV S li emphasize the interaural term rather than
the pinna terms. Experience gained with this tzysrm will held to define the resolu-
tion required In future systems and will provide a good test of the special headphones.
Them pods should provide bettw localization than t.- existing S, SW system, which
was installed under a number of limiting constraints. Hence it should prove useful to
marine biologists who make extensive use of the 5,# See.

The special headphones are designed to solve a problem which became apparent
in the initial localization experiments. If conventional headphones are L.sed the sub-
ject's own pinnee introduce confusing redundant delays. If a strthoeco)e type of
headphone is used, similar probems art caused by closed-tube resonance effects in
the observer's ear caneals These are the pIenomena which cause the "Inside one's
head" sensation in using stereo earphones. The developmental headphones use inser-
tion-type electrostatic element w*th a diaphragm of sufficiently low mas not to
cause clos•d-tube loading effects.

This is a transitional •eriod for the airtificial pine orogram. The results of
initial research have been assimilated and potentia' aplications are in sot. Work
is now progr ing to develop tthe background requimd to utilize the multichannel
transversal filters when they become available.
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HYDRO-TRANSDUCER

Sonar equipmenmt has utilized electrostrictiv. magnetostrictrv, and other
transducers to produc high-power, low-frequency acoustic signals underwate.
Each of these systems hins some characteritic which lfirits its ussfu.lnus. Size,
weight sucptibility to shock anid uawater. hardwdre complexity, end electrical
power requirements are some of the obvious disdvonsages.

In an effort to simplify mich systems while reducing costs and Improving Me
liability, NUC has developed and teste a Hydro-Trarteducer which is cap"~ of
delivering low-frequency (below 100 Hz), high-power (in the order of 84 dB/dyne
at I yard) signals and which uses simple, irtandad pats.

The Hydro-Transurkcer consists of a fully enclaied electric motor (40 hp, 60 Hz.
440 V, 3-phase, 1800 rpm) which powers a Model 4831 Deinnng sump pump
(1800 gpma t40 psi. Two low-maui, 21-in.domes end bellows asseblies comn-
prise the transducer head. The dome arid bellows aumblie are separte by a
spacer which provides flanges for pipe connection. A variable-speed rotary chopWe,
with its own motor, completes the unit (F4. 1).

The theory of operaion is elemenytary. The pump sets up a high-volume, low-
pressure flow of seawater through the treii shicer heed. By mosin of the rotary
chopper, the flow is interruptod at the desired frequency, The momentary top-
page produce presunu pulses in the flow that are trartsmlttecl, in the form of
acustic energy. to the surrounding wote via the transducer heed, whose bellows
flex in and out in response to the fluctuating internal pgAunt.

The unit wao tested In two configurstiort, one with the hoed bolted directly
to the pump outlet (Fig. 2), the other wvith a 7-ft *Vith of 6-in--diametesr pipe
bolted between the pump and the head (Fig. 3). Tesm vare conducted st the NUC
7'.s*,.t.ixr Evaluation Center (TRANSOEC) and the Mon-is Dam Test Facility.
The tests at TRANSDEC served to shake dow arid deb~ug the Hydro-Trarducer.
For these tart, the unit wees suspended! from a cran end positicnsd about 15 ft
from the Wki of the tea Pool. The traraducer heed Rm3txnrwgod to a depth of
6 ft. Figure 4 sows; the unit undow tt. Both pump and chopper eraopersting.
TheW low height of the effluent abov the level of the pool is an indcaetion of the
water going into the transducer beadg and being convarted into sound energy.
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Th hknotw dmostrte ".iat wt h ido fmgh

dorme ard bellam sws WtiNm an heavry eprin to rmtrain donve troWe, die Hydro-
Truaadtucer coulid operts soceulty in m~h of to csrsfipWatlom A Rar n np
from a pair of hydraphormu torn Inmdsm toe vmneoaw host. one 10 ft avay at the
inn dopih) rweelW a cio tlmiluity betwm the two im of pub@e iamfonnt

With the fe mibdity of the eyew, fthu ~, tam wm oorducted at
Morris Dom to mfeinmr thepoowrm f requency of#t* tauwnitte sou-v. For
dwe fthem0 unit was Wwovd to a depth of W0 ft. md hydrophornevs pom
tiormed at. au of 2500 and 2U0 ft. Operatio vmn o~w Ow fraquwICY vwW 10
to 125 Hz. Date fethepower (at 25 z) to be 4 dk/dyrnat Iyard.wilth
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Future qdvnkqxnonit of fth Hydro-Transocer Mill indumde a Iuqw rad iatorad
a -~4feed for vpewr @sfiueny. MAlo. rndSltiorlI urns for IN deMvOR. wsjdi a

VIF communbcai~m. will tm IWumt~ig.d.
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FIBER OPTICAL TRANSMISSION

Ile ability to transmit data from point to point is becomnii, increasingly im-
portent. In the majority of underwater cases. the coaxial line performs adequately;
but under conditions of restr ict size or suseaptibility to noise, the fiber optic trans.
mission ine shows improved performance, These lines consist of bundles of hair-like
strands of glass which form flexible cdAbe capable of conducting Iight.

The Navy Electronics Laboratory (San Diego) and the Nayai Underme Rsamrch
and Davolopmnint C-inter (San Diego) we jointly inw-..gting the feasibility end
utility of ooticaily transmitting data undarwater through a multipurpose cable. Such
a cable vwoul have sti a gth enough to tow a sainvor body, and would Inoorporate both
an optical link, to transifer dots to the tow ship, and all requisite electica conductors,

This goal provides a realistic oontex in which to demonstrate newly developed
low-loas f iber optic data transmission beyond the short amipleisow far naon i n Laix>
ratorles. Two ILare quastions arise:

a What real data ramn can be achieved at the multifthusend-foor length?

* How con fine glens strands be combined within a mertalic cable for use
In the oceanenviomet

Neither of them will be answerd definitivuly. but only with respect to the specific
application under study.

Optical signling .s hardly new. However. xxyw of the tools have evolved with
startling speed in the lest 10 years. Light-tmitting seiinsciiductor diodes ae muall.
ctheap, reliable, and capable of multinugahertz ope~ation. Figure I provides a view of
relative sires. New understndling of losans in optic I ibern has perm itted reduction of
the attenuation level from 1000 d5/km to 100 dB/km for -rnuitirrxde fibers and
25 d8/kmn for singla-moide fibers. It must be emphasized fthat these new fibers are in
vartow itaps of transition from laboratory prototypes to production devices, The
rnenufacturars ame unsure of themselves, and the product will Probbly change rapidly.

34



P P

INCH

The program at NUC is combining a miniature time-division multiplex system
end pulse-code modulation in a towed sensor package. The optical data line is con-
tained in the towing line. Testing will commence with a data rate of 5 mnegahits/sec.
Initially, the line will be 1000 ft lon1g, with 10.000 It as the goal. Under contract,
Corning Glass will provide, In 1000-ft lengths. bundles of fibers having lowss no
greater than 100 dB/km. Using this material, we will be able to measure data rates
on actual long lengths, rather than extrapolate from short samples. A bench-type
multiplex transmitter and receiver system is being assembled that will allow evaluation
of the components. This is to be followed by a more realistic "wet system'* to be
towed in the ocean,
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Containing a light borm within a long gls filament is accomplished with a
jacketed fiber. The outer jacketing material is of a lower refractive index than the
central fiber. But glass fibers did not constitute a significnt data-trnsfer tool until
attenuation was reduced from 1000 to 100 dBtkm for multimode fibers (50 to 80 Pm
diahieter). The singkHeiode fibers of 2 pm diameter exhibit attenuation in the 25-dB/
km ranp. This letter type is several years away from production. High material purit,,
and unifnrm fiber diameter are the main rechanisms for improving transnmission.
Fibers of thes extremely small diameters (2 sam with 20,um cladding) require las
type sources to focus energy into their ends. Multimode fibers (50 am diameter vch)
grouped tio form a bundle 1.5 mm In diameter mike a suitable are match for the
light-omitting diodes
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Atternuaion of the transnittd light within the f ibera is one limitation on the
data rates achievable with such systemis. Another is pulse distortion, a a result of
which two wasive pulses "iny be broadened to the extent that they lose their dis-
crete character. What occurs Is that light raye launched at different angles experience
different propagation times. A geometrical model (straight uniform cylinders of
lenglth L) predicts a ray propagation time.

where

9 - angle between Incident lbeem and fiber axis

il= refractive index of core

12- refractive index of mediumn from which ray enters fiber

C =velocity of light in vacuum

The longest propagation time occurs for the maxi mum acceptance angle, given by

08 -prsin'( C2

where 712 is the refractive index of cladding.

Geometry, however. does no! predict the shifting of enrwgy from one modle to
another, lower order mrode off lesser delay. Fig;ure 2' shows measured delay dif fer-
ences vs angie of Incidence in a 64-m line. By extrapolation to 1 km. the maximum
delay is expected to be 6 sec/kn'. in this sample of multimode fibers (64 metears
long), 3.5-nsec pulse broadening was observed for the not.mally incident ray. Ex-
trapolating to a 1 -km bundle would yield 55-niec pulse broadviing. A bit rate be-
tween 10 and 20 megeb its/nic for a 1 -km line con be expected. Reported measurements
madea on samples 30 m long predict maximum bit rates from 5 to 30 rmgabits/sec in
a I -ecm line.* The planned mieasuremnv.ts on 1000-ft lengths will provide noce ac-

curate definition of bit rates..

Comparisons with coaxial cables reveal important diffeven ces in behasvior. At-
tenuation ir. coax rise with frequency, leaiding to squalizatior~ requirements for broad
bandwidths. For optic fibers equallization Is not needed. RG 5SU exhibits 40 dB.'km
attenuation at 10 MHz. rising to 145 dO/km at 100 MHz. A.-teionution in multnOdcx
fibers is lesm than 100 dO/km and independent of !requency. Increased bandwidth is

Fromn Snirdy. Totior. Lftwt. and A lbww. P1I (welu' 14l-L~b.Atoy C.tI",

t Frgom DWlenasnd K. C KooG. "PY'DeCom.,'w-c*4o4Ab. Ain. G,,ws"l V.'. 1.
Pyb.IWO. pp. 197-496.
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achileud In coax by enlerging the cable diaerer, whieres with fibersit is only neo-
sary to provide enough fibesi to cow the light sVmutte. A I -mm-dIameteri bundle is
sufficient vhen using a light-emitting diode.

Puke distortion, in particular the spreading of pulses on transmisio~n, limits 'he
maxi mum Possible bit rate. It should be nioted that pulse sraming increases wvith
the square of the line length for owa but only as the first powe of the length for
fibers. For coax this broadening is ofthe order of 1 pisec in 1 km, but only 55 nsec
for a glass bundle of the samei length, as noted above.

The optical data link whose suitability is under investigisfion alloses only limited
spaca for the transmrtting light sou-rce, consequently the light-emitting diode (LED)
wal telected. A lase could delvrw more power In a collimeted beam, but cannot be
accmmiodated physically. The LED is easily pulsed at 20) megabits/uoc from l'ow-
voltage digital circuits. The LED's small linear dynamric range precludes amplitude
modulation but leads naturally to on-off -coded modulation. Since pulse-code mnodu-
lation instrumentation is readuly availabbe, this method via selected. Semiconductor
loshing diodes arm now available, bust Il~rited by internalf heating to operation in the
multikiloh'ert region.

Thie need for a minimum-mnos receiver requires that a photomnultiplier, as
opposed to various sem-iconductor sensoirs, be used. The added size end high-voltage
power suplies are not troublescime aboard ship, at the reception end of the line.
Analysis by NE LC * ~shows the best conbination' in the 6-megabits/sec range to be the
TI L 24 emittng diode operating at 9300 A. a bundle of fibers 1.5 mmn in di-.me-r,
and the RCA C 3100 E photiomuftipl * used uasadetritor. Allowing for aoupling
losss. a pivobable error rate less than 10Q7 can be amsued if the line attenuation is no
grinter than 53 dO. Undie- these conditions, rretimode fiber lines having an attmnums
tion of 100 dB/kmn can be expected to operate to distances of 1/2 kmn wiithout re
posters. Fxr a fixed error rafte. bit rates arnd received po~w willi bear the inverse
relation exhibited in Fig. 3.

Combtining fiber bundles with luad-beeriry metallic cablen is highly experimental
United States Steel Corp. het indicated their interest in attar~oing to include the
bundles on Ito fabricatione of cOnvontional ste-el cables of the Amnergrpi phvariety.
Slncefthefibersare %%*Akin show. it is expecte t~hat there will be unuasuel problems
It cx'ryertiwial wire rope mnwufacturing rnechimiry is employed. Two other ap-
proodhes we being followiied. The first combines o~coI fibers with conrtinuicin strength
gion fibeirs rmade in a step-imuldng proces. The fibeswe alcl0 bonded toget'aer in
paallel In en adhesive resin. This provides a bundle of about the so"-r diamete als a
stml bunidle of equivalent stnwnth but one which has only half that weight in air.
The second fmethod buildsi upsa glee: rope frrnm smiall strings of strength glass held in
plamtir-vfch wdif fouatr twisted. allong vith optical fibers and elecnricel conductors.
"into ropvs. KNtttw r method is oawilable commercially. arnd soach presents myany tech-
nical uncertainties, but they do rep nt an attractve miternativW to steel cable if
weight is a- important COn~dri~kI-.-

'4 F ?*vim. -T-*%vfw oU l-#--ev-.i*I.e' IU i 'u-"V 4w vtT-ýve Le.' WELC
1". -432 WAY 0-
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Behavior of glass fibers in ocean wwter is uncertain. Tests conducted several
years ago by NELC on Glasstran" (twisted glass rope), showed that fibers lose tensile
strength when exposed to salt water. Similar behavior has been noted by Bell Labo-
ratories in the production of fiber optic strands. They start life with 300,000 lb/In 2

breaking strength, which quickly drops to 30,000 lb/in2 in an air environment because
of the water vapor present. The actual sheathing of the fibers and treatment for
shipping and further manufacture is receiving little attention from the glass companies.
Since the telephone system will, apparently, be the largest user, the manufacturers
are limiting their concern to packaging for "land line" applications.

Con;irrent with the optical cable testing is the evaluation of the data multiplex
and encoding devices. The system is designed to allow growth to 100 data sources.
These will be sampled sequentially and converted to a digital code for serial transmis-
sion over the glass fibers. Dynamic range and sampling rates require that 5 magabits/sec
be transmitted. This is not expected to be the limiting rate for the fiber optics, but is
high enough to begin testing its capacity. This data rate, however, does stretch present
digital-conversion and magnetic-storage devices.

"*Pekrard EHctric Oiv., Gonerll Moldhs Corp.
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TRANSPARENT- HULL SUBMERSIBLE (THS),
TO DEVELOP DEEP SUBMERSIBLE
BUOYANT PRESSURE HULLS

The tranisairent hull submnersible MAKAKAI has been designed and con-
structed by the NUC Hawaii Laboratory as a two-mari submersible vehicle that
affords its operstors maximum visibility by liousing them in a transparent spherical.
4.,ylic plastic pressure hull. This vehicle is the 1ulmination at a nujmber of NUC pro-
grams: the development of trmnq~arent premire hull materials. cyc~oidai propellers
for submerslble propulsion, pressurized electronics, and a soft-line infb.rmatnno trans-
mission system to eliminate or reduce the number of required penetra tions of the
prem-it hull. MAKAKAI was aeveloped to provide an actual operational evaluation
of theme systems arid a useful vehicle for underm work.

MAKAKAI's structure and configuration are intentionally sim pie anod non-
hydrodynamic- The pressure hull is mounted high to provide maximumr unotyru~ted
viewing ;or the operators To #wpe of t~e vehicleresulied primarily from li.ecan.
trail placemeont of the pressure hu, which provides the majority of the i-Axsitive
buoyancy for the vehicle. This configuration also provides an area forward of the
hull for mounting tost hardwaer. cameras, and the like. A pirie factor in the over
all vehicle Tiinng was !he requirement that it be tasily trar=sottable by aircraft as
yvall as by truck.

1ihe acrylic pressure hull used on MAKAKAI was devtloped by 11ie Nave! Civil
Engineeiring, Laboratory and thea Naval Missile Ceinter for the Naval Expe imanta
Manned Obomeiary (NEMO) Program. TNu huh has an outspde dierarnte, of 66 rian
a wall thickii of 2-5 in. De'sign drpvh is 1000 111. with an act'ial short !terr coilapse
devittiof,14200 ft. A full-size rototype hul; wag tested to destruction, verifin9 -.his
collapse depth. The presmjre hull wage fabiricated by Sv,-dlc-vk Plastics Co. of Garden
Grove, Californi~a, by boEnd, togrithet 12 eph.;ricail pientago-41 sections to f orm a
full Elheqw Tvka413&%tvel-rnvts areolaced an the poles- The upper .nvvt is the
hatch for operator aixem. arid lowe 'i-ri wrvei as a perwirti~or -nt and as the
structural attachmrnat point between the prebirev kill anid MAi<AKAI structure A
1I 2-ir .-tiick acrylic cap hias been placed arotrd the -%3in, prnwjrv hull to protect it
from abrasion en any aocidvntaý impacts in ot oat of t."i water
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The pr~ssure hull sits on four radielly oricnted pads which supprt its air
weight. The structural link between the hull and the vehicle frame is a single 3/4-in.-
diameter stainless steel cable. This cable transfers the hull buoyancy to the frame
when the vehicle is submerged. The vehicle frame is a simple rectangular structure
mada from 4.5-in -O.D. 6061 -T6 aluminum tubing. The center cross structure serves
as a sphere mount and adds rigidity to the frame. All tubes are free. flooding and are
painted internally and externally.

Electrical power for the submersible is provided by 6-V lead-acid golf cart
batteries. Three voltages are available. 120, 30, and 6 V. Major propulsion power
is drawn from the 120-V battery string, and the electronic systems operate from the

30- and 6-V battery strings. Battern. are located in -,wo cylindrical battery pods.
one on either side of the vehicle. Each pol contains all three voltages. The batteries
are placed on trays which -oil out cf the pod for easy servicing. In use, the pods are
closed, oil filled with transformer oil, to compenwsae to ambient presure. Relief
valves are prrivided in the ood to vent batterv gassing. The battery pods erm easily re-
moved from the vehicle and can be replaced with pods containing freshly chsrJed
batteries If a short tarn-around time is required. The battery pods are each attached
to the vthi.lu by a single long e*e bolt which passes down through the side support
fin and screws into the pod strong back. Eyes at the TOP of the two bolts serve as
the two prime vehicle lift points. For emergency ascent these eye bolts can b, sev-
ered by an explosive cutter, cusing either pod to drop.
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Buoyanc~y control is provided by a var-.Able-balleat system. This system pro-
vides buoyancy trim, pitch trim, and roil trim. A bWlest tank is mounted on each
corner of the vehicle. Each tank has a capacity of 200 lb of seawater. The overall
buoyancy trim of the vehicle can be adjusted ±t400 lb around neutral. The two balý
lust pumps pump water in and out of the tanks to adjust buoyancy trim. Water
is pumped between fore and aft ballast taits for pitch trim sn'd onboard on one side
of the vehicle and overboard on the other side for roll trim. The two pump and valve
units, one supplying each side of the vehicle, provide a degree uf redundarncy in case
of component failure. The nonwater volume of the bal~ast tanks is compensated to
10 to 20 psi above ambient pressure by Air stored in four high-pressure cylinders.
The high-pressure air is reduced to the required ambient pressure by a differential-
pressure regulatin~g system. The ballast tanks are provided with relief valves to vent
air on asent.

Life suppourt is provided to the operators by a conventional syst-em. Oxygen.
stored In high-pressure cylinders moionted in the sphere, is bled Into the hull interior
through a pnresure regulatof and dtie flow Is metered all the rate at which the cccupants
consuvrr It. Carbon dioxide is removed by a Barelyme scrubber. Ox'.'gen and carbon
dioxide concentration Le visuailly monitored from interior instruments to Indicate any
required aidju-stnents n- oxygen flow rate. Backup life support is provided to the rip-
"onaor by two closed-circuit breathing units. Each unit has a capacityV of 36 hr. in
use the occupwit puts on a full face mask and Lineethes into it.. The breathing circu-
late. the system air through to scrbber, and oxygen is metered into the system, from

ahigh-pressure oxygen cylinder. Each backup bresthirg unit has its own o cygen inoly

Use of a fully transparmnt preaurc hull causes an atypical ,.,roblemn fot sub-
mersibles. The hull material has a low heot transfer coefficient, end the trarmorewnt
hull acts as a hot hiouse by traoping solar e'erg, causkivg the iw'teriar tempairavirs to
rise. To reduce cabin tenpierature. MAKAKAI usesa simple cooling systemn. Thirty-
five pounds of ice am stored in canisters under the operators' seats Air is circulated
over the ice by two small far-t. ThNe systemn Is :ufficient to kMe cabin temperaturs
down t9 85'F for 8 houts If precautk~ns we ta;ýAn to keep the hull covered until just
prior to die dive, The cooling system also sorw to remove Water vapor from the
cabin strnoihert by causing it to condense on the cool Ice cowtafrwrs.

Propulsion for MAKAKAI is provitled by two Kirta tto oeing p,-pituh cy.
cloldal p~opuilers. The9 cycloidal pr opeller is capable of irec Ing its th-.st in any
direction in the pener of rotation of the propeller disc. The pi-pitch propeller is
used ber-ause of its rnwihan!ca1 simplicity and fte four d~qr-Qf4YSMdoM propulsive
control that con be outainted by uak-g two thrusters The pronaller operiitts like a
paddt wheel. Thrust Is gene-ated by movtement of ti-.i individual bladis with ire-
spect to the water. The pitch of each Ya&-. is varied ss it moves erouno its orbit so
that the vim 'hirtst of 411 blade: a int the desired direi%'t,n. Thrust direction. Is varied
by changing tie veiative phasing of the blades with nrepecrt to the doc By placing
the two thrusters at 45 deg to the fore-aft, -wtks plan, four 'e9'ees of dynamic
control (fors-aft, tip-dowsn, transeww, an yaw) are uanicshie. This Is done by sum-
mi~ng dw d~ust vectors. The coordination of the vec-tors is c~o'%trolled by the pilot's
hand w.nrroler, whtiddirect the ttrust rmultant in the diriection that the opera-
mtc.'s hand is moved. The farthw the hand is moved in that dirr-tion, the greeitar
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the thrust magnitude and vehicle speed. Drive for each thruster is provided by a
variable-displacement hdmulic motor. Maximum motor speed is 50 rpm, while
maximum propeller speed is 150 rpm. Speed reduction from motor to propeller Is
provided by a large rubber timing belt and appropriately sized belt gears on the motor
and propeller.

On MAKAKAI the routine control signals (lights, propulsion, ballast system)
are transmitted over a single optical (non-hardline) path from the hull interior to ex-
terior. The advantage of this system is that It eliminates penetrators and their at-
tendant problems. The MAKAKAI system can carry 64 bits of binary (on-off) in-
formation by means of three hard wires and the optical bearn. The hard wires cur-
rently sem as clock and timing functions. A conventional hardware system would
require 65 wires to perform te functions. All emergency functions mre carried out
of the pressure hull on hardwire penetrators. Emergency ascent modes cen.•t of
dropping a ballast weight, dropping either or both battery pods, or as a final backup,
releasing te sphere via a mechanical rotary passthrough.

MAKAKAI was placed in the water for the first time in March 1971. At the
present time it is undergoing checkout and toting in preparation for material certi-
fication. When this certification is obtained the Navy will have a unique vehicle
which can economically and efficiently be u'.ad to perform many typez of hardware
or system tests where mobi.y and visibility are designed.

Pertinent vehicle characteristics are as follows:

Operating depth ........................................ 600 ft
Crew ..................................... .......... .... 2
Length ............................................ 18 It 7 in.
Height ........................................... 7 ft 6 In.
W idth .................................................. 8 ft
W eight ............................................. 10,200 lb
Displacement ........................................ 11,070 lb
Variable buoyancy ..................................... ±400 Ib
Submerged center of buoyancy-cemter of gravity separation ........ 7 in.
Payloac (including 2 operators) ............................. 870 lb
M ax. speed .................... ......................... 3 kt
Crun is • . .............................. ......... C.5-0.75 kt
Endurance

Lifesupport ........................... 12 hr, primary sys m
3G he. econdary systerm

Power ...................................... _ hrut3 kt
8 hr at 0.5 kt
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INDEPENDENT RESEARCH

Key to

Principal FY-71 Funding NARDIS
Project Title Investigator (S x 1000) Report

Anirrul Attraction to M. H. Sulazar 29 ON 034604

Sunken Submarines 213.449-7464
Code 2540O

Oetrieiital Microbial P. R Kenis 11 ON 134 618
Activities in 1yperbar ic 213-449-7464
Facilities Code 254

8iological Oepadation M. H. Salazar 16 ON 114619
of Se•floor Supports 213-449-7464

Code ,5406

Effect of ODep Sea Botrorn Or. J. W. Hoyt 9 ON 949313
Anim als on Crdnance 213448-7471

G3d0 2601

Acoutic Propegtion Or L.A. Lopes 26 ON 034605
Anialysis (in Sonar and 213-44-7121
Weapon Research) Code 45

Shierk Countw'rmajrus Or C. S. Johnein 27 ON 949317
for Prntectdon of Navy 714-225-7839
S rrmers Code 502

Study of Maiine Mammal W. E. F.uns 53 ON 548445

PopAetwOn to Asist in 7 14-225-7M3
Discrimination of Fals Coda 5r02
Sonar Targets (Formerly
Ceitcan Ecology)
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Key to
Principl FY-71 Funding NARDIS

Prooect Title l•_.f__otor (S x 1000 Report

Porpoise Sonar Simuldon. W. E. Evans 17 ON 648444
on Approach to Improved 714-225-7839

Small Object Oetection Sonar Code 52

Sound Production and Dr. S. H. RIdgway 55 ON 949322
Procesring Mechanisms of tl4-225-7839
Marino Mammals for Sonar Code 502
end ASW Studies

Effect of Ocen Bottom Dr. J. Northrop 3 ON 949321
Slope and Submerged Ste 714-225-7627
mounts on Undarwiatr Code 503
Sound Propagation (Sonar)

Corrosion Chemistry at the Or. S, Yamamor o 52 ON 118746

Sue-Sediment Intface 714-225-6340
Coda 5045

Sound Scattring and Or. H. V. Wes 50 ON 11047

Trace Element Dis- 714-22ri-6340
tribution in the Sao Code 5040

Ear Protective Research M. Lapor 4
7114-225-7916
Code 5056

Nonscoustic Detection and Dr. G. V. Pickwvis 2/ ON 118748
Survillance in the Deep St 714-225-7829
Utilizing Trace Cheaistry Code 5045

kr ,gru Switw Density Or. G. V. Pickwell 61 ON 118742
Gaup System - A Neutron 714-225-7829
Doensitomter Coda 5045

Sonic Boom Undermter Dr. R.W. Young 6 ON 949315
714-225-6881
Code 5050

Unrdrwatw Biouaous- Do. W. C. Cumrrogs 77 ON 848441

tic Sourcm 714-225-6463
rode 5054
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Key to
Principal FY-71 Funding MARDIS

Prokct Title Investiator ($ X 1000) Rert

Venomous end Oanerous Or. 0. V. Pickwell 32 OPl 118750
Ait, ,als Affactin Navel 714-225-7829

4,+ ationa Code 5045

Waka Owutdliu Study E. J. Wedey 5
Progrm 714-225-7875

Code 501

Surfac Wave Signat Pr,',- .". J. Wmtehouw 56 ON 034603

ing for Sonar and Radar 714-225-6317
Systems and Othrr Applic- Code 6003
tions

Two-Dimenslonal Optical J. M. Alsup 37 ON 118751

Signal Procesing With Applih-- 714-225-6871
tions to Sonar and Radar Coda 6005

Glass Study W. R. Fortrn 40 ON 118725

74-225-6630

Coose65

Solidification and Supwc.jl- f,-. W. K. Lyn 32 ON M8448

Ing of Sammer in Arctic i -4-2;5-6737

Subiarine Reurch Codý 90

Velocity and Attenuat.in of Dr. E. W. Ruache 55 ON 848440

Sound in Liquids and Solu- 711-225-851
tions for Sonar Reserch Code 90

Mlri-v roulir- Or. 0. A. WIlso 75 ON ----

,14-225-6491

Code 04

Work bring portormd by the Peint Labowtory, San Franciso Naval Shipyird.

SpeiL v-urý ur!t data will be submattsd by *le performiq Labo atory.
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INDEPENDENT EXPLORATORY
DEVELOPMENT

FY-71 Key to

Principal Funding NARDIS

Project Tit!, Invetiptor Task Area ( IM0O RepotS

O'Artagnan J Wham ZFXX-112-001 1U6 ON 116763

714-225.7412

Code 6005

Supercritical Combustion E. Karig ZFXX-412-001 53 ON 118764

Gas Thermal Power Plant 714-225-6496

for Undefsa Application Code 6005

CapsJle Demonstration James Bartling ZF XXA412-01 35
213449-502
Code 334

Glass Study W. P.. -orman ZFXX-412-001 77 ON 118725

(Technology) 714-225-6630
Code 6523

New Vehicle and Or. T. G. Lang ZFXX-412-001 90 UIN 118761

Sona Concept 714-225W495
Studies Code MM05

Saulis-Operated R. A. NeLson Z:XX-412-001 38 ON 118726

Hydromotors 714-225-6343
Code 6522

Reinforced Concrete E. N. Rosenber 7F? X-412-001 78 ON 118723

Subnmirsibles 714-225-6862
Code 652
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FY,71 Key to

Principal Funding NARDIS

Prnoit Title Investiptor Task Area IS X 1000) Report

DEEP VIEW Submerible W. R. Formen ZFXX412-001 205 ON 848438

714-225-6630
Code 6523

Transparent Hull D. W. Murphy ZFXX412-O01 66 ON 848437

Submersible (THS) 808-2614676

Code 8632

Adaptation of Head- R. L. Watts ZFXX412-O01 2 ON 134620
Coupled TV to CURV 714-225-6343

Code 6522

Adaptation of Heed- P. L. Henderson ZFXX-512-001 22 ON 134620
Coupled TV to CURV 213-449-770

Code 2531

Sulphur Concrete for J. H. Jennison ZFXX,512-001 10 ON 134621

Submersible Hull Repair 213449-7301
Code 45

Flow .. id Optical Effects P. J. Fette ZFXX-51Z-00* 17 ON 134622
Produced by Mineral 213.449-7318
Plitels Code 4522

Diver Armor L. E. McKinley ZFXX-512-001 33 ON 949305
714-225-7841
Code 502

Shark Dart C. G. Bienc ZFXX-512-001 21 ON 949307
714-225-7839
Code 502

Artificial Plnne (Outer W. 0. Squire ZFXX-512-001 71 ON 949310

Ear) for Applications in 714-225-6317
Underm Reserch and Code 6000

Exploration

Target Strength of G. M. Colern ZFXX-512-001 24 ON 118761

Concrete Submarine 714-225-7505
Hulls Code 6043

Acoustic Materials for H. J. Whitehouse ZFXX-512-001 109 DN 118165
Snrar and Acoustic 714-225-7622
Torpedoes Code 0D03
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FY.71 Key to

Principal Funding NARDIS
Project Title Invustiptor Task Area (S x 1000) Report

Spherical Shell J. Stachiw ZFXX.512-001 30 ON 118724
Acrylic Windows 714-225-7811

Code 6505

Glass Elevator W. C. McSparron ZFXX-512-001 18 ON 018729
714-225-6865

Code 6521

Hydrodynamic S. A. Christie ZFXX.512-001 35 ON 949314
Transducer 714-225-6863

Code 6521

Special Warfare R. L. Seiple ZF XX-512-001 30 DN 118727
Targeting 808-2614676

Code 6533

Fiber Optical Trans- J.T. Redfern ZFXX-51 2-001 69 ON 118800
misdon 714-225-7505

Code 6044
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PUBLICATIONS
Blanc, C. G., "Pulse Stretcher," NUC TN-533. May 1971. UNCLASSIFIED

Evans, W. E., J. 0. Hall, A. B. Irvine and J. S. L.atherwood, "Methods for Tagging
Small Cetaceans," Notional ihhery Revew, in press.

Evans, W. E., J. S. Leatherwood and J. D. Hall, "Request for Information on Tagged
Porpoises in the Eastern Pacific," No~tiornl Fishernwn, July 1971.

Halt, J. D. and C. S. Johnson, "'Auditory Thresholds of a Killer Whale, Orcinus Osca
Linnaeus," J. Acous. Sec. Am., in pres.

Hoyt, J. W., "Biological Collecting with a Remote-Controlled Underwater Vehicle,"
hrine rkchnology SocItty Journal, Vol. 4, 1970, p. 65.

'High Molecular Weight Algal Substances in the Sea," MAaran Biology,
Vol 7. No. 2, 1970.

- "Pink Urchin of the Deep Sea," SW Frontiers, Vol. 17, No- 3, 1971.

Kenis. P. R., "Turbulent Flow Friction Rptuction Effectiveness and Hydrodynamic
Degradation of Polysaccherides and Synthetic Polymers," Journal of Applied
Polymnr Science, Vol. 15. 1971, pp. 607-618.

", "High.Presure Helium Effects on Bacterial Growth:' Bacteriological
hoceedings, 1971.

Kenis, P, R. and J. W. Hoyt, "Friction Reduction by Algal and Bacterial Polymers,"
NUC 1P 240, 1971. UNCLASSIFIPFr

Pickwall, G. V., "Knotling and coiling behavior in the Vz'agic sea snake. Pelami%
platurus (L.)," Cope, Vol. 2, 1971, pp 348-350

"Toward a biviogy of teo w'akes," Fime, The Zoolocal AWiaune, No 4,
1971. in press
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Rosen, M. W. and Non Coroford. "Fluid Friction of the Slimke of Aquatic Animals,"
NUC TP 193.,1970. UNCLASSIFIED

Selzer, M. H., "Ptiototaxis in the Deep Sam Urchin Allocentroitw frlil (Jackson)."
Journal of E,..wmeaW Abdw aiegy.-'I Ecofty. Vol. 5, No. 3.1971, pp. 254-264.

Weiss, H. V., M. Koide and R. Gold"ei, "Selenium and sulfur in a Greenland Ice
Sheet: Relation to fossil fuel combustion." &cimer~, Vol. 172, No. 261, 1971.

Weiss, H. V., "The determination of selenium in glacial ice by radioactivatiurt,"
AA&yrý aChiimar A4w. in press.

Weiss, H. V. and T. Crozier, "Tlhe determination of mrmcury in the sea by 1radloiactiva-
tion," Awleltica aliimia Adav, in press

Young, Robert W., "Effective Duration of Sound from a Movinig Source.- J. AcousL
Sac. Am., Vol. 49, 197 1. p. 10 1.

","Sound Pressre In Water fromt Source In Air7J.L Acou, Set. Am., Vol. 50.
October 1971.

PR ESENTATIONS

Cooke, T. S. and J1. W. Hoyt, "OCean Pollution by Sunken Shlps:' NUC Symposium
on Environmental Preservation. (NUC TP 215, 1970, UNCLASSIFIED)

Evans, W. E.. -Radio Tulermetry Studies of Small Odontocate Cetaceans," U. S.
International Bioloigical Program, Marine Mammal Council, Conferience on
Current Status of World Whale Stocks, Skyline, Luray, Virgintia, 3-4 June 1971.

","Potential Hazards of Non-degradtbl materials as an ErvvirornentaI
Pollutant," NUC Sympvosiumn on Environnmental Preservation, 20-21 May 1970.
(NUC; TP 215, March 1971, UNCLASSIFIED)

","Uses ef Advanced Space Technology and Upgrading the Future Study
of Oceanology,- AIAA 7th Annual Maeting and T echnical Display. Houston,
Texas, October 19-22. 1970.

' Orientation Behavior of Delhinicb. Radio Talownetric Studies."
Conference of An~imal Orientation- Sm,'-7 , Basis. Xwocred by New York
Academiy of ScIvers,cs Feb.8-10. 1971.

Hai, J. D.. W. G. Gilrnantin and J. L. Mattsscn. "Investigastion of an Eastern Pacific
Pilot Whale Stranding," IAAAM, 26-29 April 1971, Guelph, C-itano.
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Lopes, A. L., "Application of the Riau Method to the Cauchiy Pivblemn for Acoustic
Propegistion With Variable Speed of Sound:' Conference on Georretrical
Acousttics, La Spezia, Italy, September 27-M0.197 1.

Martin, H.. W. E. Eva. - nd C. A. Bowens. "Methods for Radio Tracking Marine
Mammals in the Open Sac," Trannwtions of the IEEE Conference on Engineer-
ing in the Ocean Environment. September 1971, Son Diego, California.

Zirino, A. and S. Yoarmio.o "An Ion-Pair Model for Certain Tramt Metals in
Seawater," 33rd Annual Meeting of the American Society of Limnology and
Oceanography, Kingston, Rhode Island, 28 August 1970.

PATENTS NOE Liofd dte, anflln

Besucher, G. J. Quic'e-raleasse mounting apparatus (U). Navy Case 49,425. 26 Octo-
bar 1970. UNICLASSIFIED.

Abstrac: An underwater quick-release device for mounting a TV camiera to
a tripod on the ocean bottain.

111earr to he Navy: Enables a diver to eaily and quickly remnove the camr
from the tripod by the simple movement of a lever.

Blanc, Clarence G. Shark dart electronic circuit (U). Navy Case 50,632. 24 July
1970. UNCLASSIFIED.

Abstrac: A compact electronic circuit has been duissiiied for inclusion in the
electric anti-shiark dart to produce intrrmittent bursts of high-current. low-
potential incapacitating power for prolonged periods of time.

81afir to the NAsy: The invention incrases the effectiveness of the electric
anti-shiak dart to provide an effective mea-ns for neutralizing hostile marine
creetures.

Fugltt R. 8. and Heckman, P. J., Jr. Extendced-range polarization "ag: (U). Navy
Cane40,582. 18 March 1971. UNCLASSIFIED.

Absitract: A single-reflection or two-ref Iectic~i retrorsfltectivy nawterial is
boded to a "at to make thie target more redlty visible. corticularly

under adverse condilt ic-nii

AaNto the fwy' Cotects which havei been coatvd with this Wociat type of
surface. such as practice torpedosis, are more readily found after having been
lost

Gill. George Herbert. Carbon d'oxid. indicating meter (U). Navy~ Cam 51.291,
3 December 1970. UNCLASSIFIED-

rAktnx Ternperature-"inttive resstor, are an~axi9ec in an electy-cal bridge
in zero balnc arid coninve-t to a source of cosuont potential for corr
perleon berweni s standard uernpIe cf Vie envelcweng a i;nst bridge rmuior
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and a test sample of gas covering a spcond bridge resistor. Since CO2 has a
specific hea±t substantially different than air, an impedance change of the
second bridge resistor, indicating a ziurplus of CO2. will unbalance the
b~ridge, causinq a proportional readiuut. -.r, a meter.
.Senehit to the tdaiy: The invention provides an indication of dam. erous CO2
buildup in a confined space such as a submersible interior to !dsnure the suc-
cessful completion of a deep-submerqence operation.

Gill, George Herbert. Voltage-.ý;ortrol led varlable-duty-cycle pulse generator .
Navy Case 51 ,292. 14 Decembet i97a. UNCLASSIFIED.
Abstrea:: A pulse generator connected to a load has a variable duty cycle
controlled oy a selectively variable siurce of DC contro, potential. The in.
vention conserves pcw,.er and is of high reliabilfity due to its uncomplicatea
electrical interconnection~s.
Benefit ivth* havyý The invention has beon inutalled in DEEP VtEW, and
wider uase shoulpi follow wherever battery power must be conserved. and
reliability is paramt. .vt.

Hockman, P. H.. Jr. Cable-loss teevision system (W~. Navy Case 49,173. 3 Decemhnb~
1970. UNCLASSIFIED.

Absr.'.ct: The apparatus includes & lascr w.,hich ~iurninates; a target aree. a TV
camera tube ý?vhich observes the area, and a light source niodulator. connected
between the laser and the TV camera tube, which MOe-La1tes the light sn'!rce
in accordance with the variation 'n amplitude of the composite vidteo siqnal
generated tv the TV tube.
£wiit to the Nfavy. TIhe system does noL require a cable or acoustic signels
between the target and the remote viewing point.

Hirsch, I Swimmer's tactile command navicamion ipparatus WU). Navy Case 50,923.
16 N ovember 1970. LJ N1_LASS IF lEýD.
Abstract: -, diver's back pad Ywhich has perpendicular rows of tactile trans-
ducers which can We sequentially et~ergized by a remote station to Vuide the
diver thrOUgh the w~ater.
8rtnefie tothe iVivy: To navigate a fiver to and from an under-water or lurfam
station and ;.omrr unicate comrnEids in regard to underwater worwk assign.
ments.

Johnson, Clarence S. Anti-shark drogue dart WU). N~ivy Case 52,375, 24 Marcý% 1971
UNC LASS IF IED.
Abstract: A low-cost device fo: rvtndering a s)-srk rin*,apatbie of coordinatedl
movem,ants includes a m-talic point joined to a tyiiniature droque chute.
Upon ernb-ddinc of the point r. a shark, the chute fills with %%;ter inowd pro-
duces an equ iiibr iur -upsetting drag
Benefft to the Navy-: The invpinton redvcvs the hazard powd thy threCatening
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marine creatures to increas the effeictiveness; of divers operatirg in dangerous
waters.

Johnson, Clarence S. Full-view diver's mask (U). Navy Case 51,378. 15 October
1970. UNCL.ASSIFIED.

Abstr'act: A plate eleme*nt is contoured to conform to a diver's face and
mounts a peripheral resilient ring for sealing the mask's interior from. the
surrounding water. Wide-angle, distortion-free visibility is ensured and the
dead air space is minimized io allow easier clearing an pressure equalization.

Hmnctirr tohe Navy Tihe invention increases a diver's field of vision to reduce
jiving hazards created by the tunnel-like visibility afforded by conventional
masks.

Karig, Horace E. The supercritical thermal power system using combustion gases for
working fluid IU). Navy Case 52,148. 9 June 1971. UNCLASSIFIED.

Abstract: Hydrocarbon fuel and oxygen a-9 burned in a combustion chamber
which directly foeds the exhaust gases to drive a turbine. The gases then pass
through a recererator and condlenser for removing CO. and water vapor and
are recomprussed end fed back to the combustion chamber to low~er The
temperature of the burning gases now being led to the turbine. Higher sys-
tern efficiency is thusiy realized and th4 dangev of heat dan.,je to the
chamber cr turbine is minimized.

&nefit to the N~avrl The invention ideally iends itself toward application in
submersioles needing ')ower for prolonged ptriods of time.

Langguth. Arthur F. Anti-shark CC), darl MU. Navy Case 52,376. 16 April 1971.
UNCLAISSIFIED.

Abstricir An anti-sh"r dart includes a CO. cartridge held in a pressure-tight
fitting having a hollow blade communicating with the fitting's interior. In-
serting tl~e blade into a threateningv creanire ruptures the cartridge and vents
CO. into the creature's body via the blI%). The injected C02 either imme*
diately disables the creture or renders it incapable of self-control.

Benefirtotohe N.ev The inven-tion provides a highly reiiable. complotelN
eftf-, dvvice for countering hostile marino creatures. Wideslureod use 0
the invention should follow wherever such creatures are expectr-d

Lepor. MpiVer. Noise protect ye dbivice MU. Navy Case 51,671. 28!Dce"-bqr 1970.
UNCLASSI FIED.

Abstrrct: A flexible ri'cis* protectiv~e dev ce is %vofln about the heac of a
crexrTar.. head scarf styie, and is lormed of an outer slteet of rayon larn;-
nated un aii inne~r sheeet of fir kio~ded vinyi. inside the laminated sheet.
fiberou% g ass creates a dead spact to foiri an e'fect-ve soun! %tircfustiofl
dev (o th~at is comfortable alnd elie' ghlso aill" iiz eifectve
use While the vars- %lepris

8-ne~r to thr Ti lhot# has Lnqj bemn a n.td fuir a rievice wnich blizsutt

57



P

high-intensity ambient noise while being comfortable enough to allow its use
for prolonged periods of time or during sleep.

Lindsay, G. F. and Whitishcuse, H. .i. Field-c*ieinteated acoustic wave device (U).
Navy Case 49,426. 7 Augusr 1970. UNCLASSIFI ED.

AbsTract: Tike iriterdlgitated acoustic wauve device includes a third electrode
disposed between the conventional electrodes, ý 'e third, shielding, electrode
improving the directivity of the generated surface wvave.

fve fit to the Navy: The field-delineating rilectrode improves signal generationi
in multi-element applications, particu lady wherp coded electrode.s are used,
and reduces cross talk between adjacent sets of elements.

Loped, L. A., Jr. A strapped-down attitude reference system (U). Nrvy Case 50,019.
19 May 1971. U NCLASSI F iED.

Abstract: The s'/stemn uses three accelerometers to obtain a vertical reference
and two magnetometers to obtain the azimuth of the reference system.

Oi etrotheNafeW: The system is particularly useful for vehicleds in the earth 's
gravitational field, where the reference provided 15y gnravity is lost becau~se of
the vehicle acceleration.

Lopes, L. A.. Jr. and Thomas, 0. F. DigitWa cameira (U). Navy Case 50,070. 18 June
1971. UNCLASSIFIED.

Abstrart: Acousuc energy reflected from a target impinges upon an arrty of
transducer elementis, each of which corresponds to an element of tlhe object
ecoustically observed. The magnitude and phase received at each element is
mathematically operated upon, obtaining new magnitudes which, when ap-
plied to a printer, produce an accurate profile of the target.

Bvefit to the Nary: The camera Is able to distinguish between objects of the
samrre si.:e but different profiles, such as a whale and a submarine of the same
size.

Means, R. W_ and Whitehouse, H. J_ Amplyinyg su, face wave device (U). Navy
Cas 49,4311. 22 July 1970. UNCLASSIFIED.
Abstwat: A low-voltag battery is connected acros the input of Cme siurf"v
wave devict, which makes the devic capable of amplification as well as
transduction.

9melieto tke Novy: Ainplificuti-no of input signals will perri it n-ore wide.
spread use of surface wave deviaes fair signal processing.

P irks, Bruce C_ Telwnetry-implakving pneumatle-pwevred harpoon (U). Nmv'
Cain 51,529. 2 August 1970. UNCLASSIFIED.

Ahmnvc: A small dart is seated in khe barref ot pneumirtic-powered harpoon
and is ex~pelled by vtiv.nq a volume of pressurized air thro,,4i the barisl's
breach. A package of instumentation or a float is pulled f on, 4 retaining
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device located at th. barrel's muzzle to allcm its being towed by a marine
cr -ture aftor the smiall dart has baen embedded In it.

hwlra to die b~y: The invention provides a meam for attaching instrumen-
tation to marine cratures with minimal injury to the creature arid with little
risk to scientific persoun.

Rosenberg, Edger N. Hydrodynamic transducer (U). Navy Case 51,377. 27 August
1970. UNCLAS'SIFIED.

4%vra A freey flooded acoustic transducer includes a motor drivi~ng a
centrifugail pu.mp impofling water to an acoustic proj 1 ter having a pair of
opposibely facing radiating pistons. The Impelled water paneas through a
clisk-slispd dotted shutterwheel roated by a varmeble-apeed motor to create
an -en-off' sequence, bidirectionally displacing the radiating pistons to pro.
ject representatLv acoustic energy.

111tsee toelliny: The Invention eliminates complicated sealing assemblies.
Is non-responsive to ambient pressure variations, and projecfts a high-enrgy

Rosenberg, Edgar N. SEAL (U). Navy Case 51,379. 24 August 1970. UNCLASS!-
NlED.

Absgyact: An 11embly for sealing a submeirsible interir along.a glass
hernishere-hull juncture includes an annular chamber rpeevng -the hemni-
sphere's rim tilled with oil and cooperating with a plurality of "0" rings to
eliminate the buildup of fa~iiweproducing tensile stresses at the juncture.

B~v&l to~ the I*W: Including glins es a structural member along with steel
or ottr dissimilar materials has obvious advantages. The invention provides
a way to achieve a glass-tormetal joint and benefits the development of a
dee ooon technology.

Strrpp, J. P. and Cornford, N. E. Apparatus for detarining the presence of a vmt
K4 by d etecrng its wake (U). Navy Cam 49,787. 5 March 197 1. UN -
CLASSIFIlED.
Abovax: A tsmtTC junction mounted or, a submersible tow monitors the
terimerte of the water, whereby a nmlarkd devioion in the tempeature
of the water from a smaic value, indicating the prftance of the wake of a
vessl, is detac Is on the sw cof an ellectj'ical ininumern.
Awn% to tev Esey: Wakes of eitheor wrfaca vesaal3 or underwaetr vessels,
such a submarines, may be detected by this mreans

Snrspp, J. P. A homing svoorn for the sawiskion of a sea-goiig target vehicle by
dertection of its wake. 11U). Navy C= 49,781K L9 Aprii 1911, UNCLASSI-
FIED.

Abararr The systemn includes a horizontal arid vertial pair of test thermo.
onuple junctions arid means tor guiding the m~it iii a horizr.ntal direction
and in a vertical direction. When the Ownrmouple junctic-s detect the wake
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of a seegoing vehicle, i he missile is guided in azimuth and elevation toward
the vehicle.
Bweneit to the ?AW: Naval countermeasures find detection and homing systems
particularly useful.

Whitehouse, H. J. Surface wave devices for signal processing tU). Navy Case 52,524.
3 February 1971. UNCLASSIFIED.

Abswt.at The device inclvdes coded interdigitate electrodes and a logical
circuitry which determines the manner in which incoming pulses are procesed
by the electrode structure, the device serving asa time compressor or delay
line.

Bwnfit to the Aipiy: The device permits compact processing of digital data.

Whitehouse, H. J. Feedback-type acaustic wave devices (U). Navy Case 52,525.
4 February 11671. UNCLASSIFIED.
Abs.-wt: The dixtribultao-transducer device includes a feedback loop from
the output transducer to the input transucer, thus permitting positive or
negative feedback, as desired.
Benefit to Mhe Afear: The negative feedback vers~on may be used as a delay
line, wnile the positive feedback version may be used as a dock oscillator,
both- amodirients being capable of being mounted nn the same substrate,
thus permitting compact signal processing of binary data.
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IMPROVED FIRE-FIGHTING CA.A,'2.T':
Under the IR program, a sbu'" of the .t :*'!t of e' sol.l ed .- h-polymer sub-stances on Pipe-flow friction coefflci,ý,:c v-. ., _-,'o amc4. nts (a few parts-

per-million) were found to reduce the i * , ,4 by ,, r two-thirds.

One immediate application of this rtearch is the development of fire de-partment pumpers having the ability of producing greatly increased water flow rate,
or further throw of the fire strem, with the some engine power. Alternatively,
smaller, more easily handled hom could be used to give the same water flow as
the standard hoses now used.

As a result of this rearch, the New York City Fire Department' ha beenoperating an experimental pumper using a polymer identified in the I R study,poly(ethylene oxide), as a drag-reducing substance. It is planned to include polymer
capability In a new buy of 80 pumpers for the New York Fire Department?

Currently, the Los Angeles Fire Department is consldering use ot polymer$
fbr mountain fires, where long lengths of small home are required. The results of
the I R program are being made available for this study.
IMPROVED TEST PROCEDURES IN TOWING TANKS

Under the I R progara, a study was begun on the properties of exudates
from marine phroplankton and bacteria. It was quickly realized that many micro-
scopic marine algae exude high-polyrne metabolic products into the water and that
these rmaterials were extremely effective dreg-reducers in turbulent flow. Freshwateralgae were also found to be effective in reducing the drag significantly (50% or more
in cultures).

In towing tanks. unexplained fluctuations in tw, results were so commonthat a secial word. "storm." .- coined for periods when the maesured drag wasfar lower then the expected. Although much concern was expremad, 3.' no expla.
-RjdV6 -I F,,• l N. e t,k~- Fir f •pkpagm• J•ew" 171. a. 3X.

2
-V0.rlr W.Y. Ca.N Pri:i0w, Low." Fe xwiw nwqý~ Set -t-sS3IF 4as,•, .it. "t"y5 rdum Mac, Tochwqu at A-W. ,,d'." rom= ,t,' I,,a. of A APAUr..

LoItdooi. Vol. 10. 1 .9 43.
45emeby. -, C. -4' A L. Dar'y "A ToopngTuuk Simr.Do *l. / ftIm #I WWA,-ct,
'ai 107. 190sS p. Mg.
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,,ation for towing-tank "storms" was available until this resarch showed that algae
and bacteria in the towing tank could, if given sufficient light and nutrients, produce
a drag-reducing exudate solution in the tank. Day-to-day variation in drag results
was also common.

As a result of the research showing the possibility of algae changing the drag
in towing tanks5-6 many towing tanks have adopted greatly improved standards of
water quality, and it is now believed that data reproducibility from towing ranks,
with consequent improvement in commerical and Navy ship powering predictions,
will be considerably enhanced. Further, should a "storm" o=cur, effective means of
dealing with it (oxidizing the metabolic products with chlorine or hydrogen peroxide)
are now on hand.

bH0'vt. J. W.. "The Effect of Aiglg Contam.inants or Frictional Rsis'anct."Preo. r lIrh Inrfnrationjl
ow;tnlTatk Conference,. Tokyo. 1S96. p. SB.

0 Hoyt. J. W.. -An Exakrination '; .ore Towing-To, '.4 At." Proc. ?2th Iernariwo TeVowingi Trnk
Conheence. Rome. 1969.
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